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Abstract 
We propose a construction of an organic light-emitting field-effect transistor for producing spectrally-narrowed emissions 
(SNEs) under current injection. The device is characterized by the followings: a diffraction grating fabricated within the channel 
region, homogeneous source and drain electrodes made of a low work-function metal and a layered structure of organic 
semiconductor materials. The organic layered structure was composed of a p-type crystal and an n-type thin film. The latter film 
was deposited so as to cover the grating on the channel. We observed SNEs from the device when it was operated by applying 
square-wave alternating gate voltages. The observed spectra were peaking as a dominant line around 578 nm with a full width at 
half maximum less than 4 nm.  
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1. Introduction  
The spectrally-narrowed emissions (SNEs) are being widely investigated with organic light-emitting materials [1]. 
However, there have been only a limited number of researches for which electrically-excited SNEs are achieved 
with organic devices [2–4]. As an example, Yamao et al. [4] recently reported the current-injected SNEs from an 
organic light-emitting field-effect transistor (OLEFET) equipped with a diffraction grating. The grating was used as 
the optical resonator. In the report, the diffraction grating was fabricated outside the channel region of the OLEFET. 
Moreover, in this specific device the p-type organic crystal was solely used as the semiconductor layer, and gold 
was chosen to form the homogeneous drain and source electrodes. Alternatively, the diffraction grating can be 
desirably formed right above the channel region. In the present work we carried out the initial studies of fabricating 
an OLEFET device so that a grating can be incorporated in the gate insulator within the channel region accordingly. 
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The gate insulator comprised the combined stacks of a top photoresist film and a bottom silicon oxide layer. The 
diffraction grating was formed on the photoresist film. The effective injection of both electrons and holes into the 
organic layer has been needed for the current-injected SNEs including the laser oscillation as well. To this end, we 
introduced an organic layered structure composed of p- and n-type materials. The n-type material was chosen for 
enhancing the electron injection. We also used the low work-function metal as drain and source electrodes. As a 
result, we have definitively observed SNEs under electrical excitations of the device.  
2. Experiments  
Fig. 1(a) shows a schematic diagram of the OLEFET device. The figure represents a cross-sectional view cut 
along the line A-A' of Fig. 1(b) that shows a micrograph of the device in a plane view. We fabricated the diffraction 
grating using a photoresist film by the interference exposure [5]. The film was spin-coated from 33 wt% 
cyclopentanone solution of a MicroChem SU-8 2002 polymer on a silicon dioxide layer (300 nm in thickness) 
which was formed on top of a silicon wafer. The resulting photoresist film was baked to evaporate the solvent (first 
at 75 ˚C for 7 min, then at 105 ˚C for 14 min). To form the diffraction grating on the photoresist film, we carried out 
the interference exposure to that film with the Lloyd mirror setup similar to that used before [5]. We used as an 
exposure source third harmonic generation of an Nd:YAG laser (wavelength: 355 nm, pulse duration: 30 ps, 
repetition rate: 10 Hz, beam diameter: 6.5 mm, pulse intensity: 400 PJ). 7he rotation angle of the Lloyd mirror was 
chosen to be 20˚ from the direction normal to the film surface. After 4 s exposure we further baked the photoresist 
film to ensure the curing reaction (at 65 ˚C for 7 min, then at 95 ˚C for 7 min). The film was then developed, rinsed 
with 2-propanol and dried. We baked again the film in order to complete the reaction (at 175 ˚C for 20 min). Using 
an ULVAC DEKTAK-3ST surface profiler we estimated the resulting film thickness to be 462 nm. Fig. 1(c) shows 
an atomic force microscopy image of the grating. The grating period and the depth of the grooves were 549.3 nm 
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Fig. 1. Organic light-emitting field-effect transistor (OLEFET) with a diffraction grating incorporated within the channel region. (a) Schematic 
diagram of the device. (b) Micrograph of the device in a plane view. The diagram (a) represents a cross-sectional view cut along the line A-A'. 
(c) Atomic force microscopy image of the grating.  
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Fig. 2. Structural formulae of AC'7 and AC5-CF3.  
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Fig. 3. Current–voltage characteristics of the OLEFET in the hole-
enhancement mode.  
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and 43 nm, respectively. Note that the film thickness is relevant to the topmost parts of the film, because the needle 
probe (5 Pm in diameter) is far larger than the grating period so that it cannot reach the bottom of grooves of the 
grating. Assuming that the grating has a sinusoidal groove profile with an amplitude of a half of the groove depth, 
we analytically derived the capacitance of the SU-8 layer referring to its relative dielectric constant of 3.2 [6].  
In the present studies we used 2,5-bis[4-(5'-phenylthiophen-2'-yl)phenyl]thiophene (AC'7) [7] and 1,4-bis{5-[4-
(trifluoromethyl)phenyl]thiophen-2-yl}benzene (AC5-CF3) [8] as p- and n-type organic semiconductors, 
respectively. Their structural formulae are shown in Fig. 2. A 115-nm-thick AC5-CF3 thin film was vacuum-
evaporated on a portion of the grating. An AC'7 crystal (219 nm in thickness) was laminated so as to cover both the 
parts of the grating with and without the AC5-CF3 film [see Fig. 1(a)]. The crystal was grown in vapor phase [9] 
(growth temperature: 330 ˚C, sublimation temperature: 360 ˚C, growth time: 4.6 h). Magnesium and silver were co-
deposited as source and drain electrodes (10 nm in thickness) on the organic layered structure with further 
deposition of silver (40 nm). In this device, the AC5-CF3 film was laid on the channel region and was partly covered 
with the MgAg electrodes through the AC'7 crystal on top of the film [see Fig. 1(a)]. The channel length and width 
were 38 Pm and 360 Pm, respectively.  
The transistor characteristics were measured using an Advantest R6245 two-channel voltage current 
source/monitor under vacuum (~10−3 Pa). The electrically-excited emission experiments were carried out in vacuum 
(~10−3 Pa) using the same setup described previously [4]. The device operation circuit can be seen in the literature 
[10]. We used an alternating-current (AC) gate voltage in the shape of a sinusoidal wave or a square wave.  
3. Results and Discussion  
Fig. 3 shows the current–voltage characteristics of the OLEFET in the hole-enhancement mode. The device 
showed typical p-type conduction. In this measurement, the right and left MgAg electrodes in Fig. 1(a) were used as 
the source (hole-injection) and drain contacts, respectively. The increase in the drain current from the origin 
indicates the good electrical connection between the AC'7 crystal and the MgAg electrodes although it shows the 
convex-downward behavior near the origin. The mobility and threshold voltage estimated in the saturation region 
were 0.051 cm2 V−1 s−1 and –9.7 V, respectively. Those in the linear region were 0.017 cm2 V−1 s−1 and –12.9 V. 
Note that the combined layers consisting of SU-8 and silicon oxide formed the gate insulator [see Fig. 1(a)]. For this 
mobility estimation we ignored the capacitance of the AC5-CF3 film. In the device, n-type conduction was not 
observed in the electron-enhancement measurement.  
Fig. 4(a) shows typical examples of the electrically-excited emission spectra from the device. SNEs have been 
observed from the OLEFET when the device was operated under the square-wave gate voltages. The raw spectral 
data were smoothed using a 3-point adjacent average before represented as the diagram. For the measurements, we 
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Fig. 4. Current-injected spectrally-narrowed emissions (SNEs) from the OLEFET. (a) SNE spectra under AC gate voltage operations. The 
numbers (1−5) indicate the voltage bias conditions listed in the corresponding numbers in Table 1. (b) Emission peak intensity of the major 
line (occurring about 578 nm) as a function of the input electric power. The numbers of 20, 50 and 100 kHz denote the frequencies of square-
wave gate voltages. 
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set the drain (source) voltage from 70 (−70) to 100 V (−100 V). The gate voltage amplitude was varied from 90 to 
110 V with its frequency of 20, 50 or 100 kHz. In Table 1, we summarize individual measuring conditions for 
Spectra 1−5 of Fig. 4(a). Note that in the measurements we designated the source and drain electrodes as the 
electron- and hole-injection contacts, respectively. The right MgAg electrode in Fig. 1(a) was used for the hole-
injection. A distinct narrowed line is sharply resolved at 577.5−577.7 nm with an intense broadband covering 500 to 
600 nm. The full-width at half maximum (FWHM) of the narrowed line was 3.3−3.6 nm. The peak intensity of this 
line increased with increasing the magnitude of source (drain) voltage and gate voltage amplitude as well as the gate 
frequency. Table 1 also summarizes their peak position, intensity and FWHM. We also measured the optically-
excited emission spectrum from the device prior to deposition of MgAg electrodes. The spectrum was measured as 
described previously [4] using ultraviolet light (330–380 nm) of 390 mW cm−2 for excitation light source. That 
spectrum was similar to those obtained by the electrical excitation and included sharply narrowed line observed at 
574.1 nm with its FWHM of 2.5 nm.  
We plotted the peak intensity of the dominant line (around 578 nm) as a function of the input electric power on 
the basis of a series of current-injected spectra [Fig. 4(b)]. The input powers were estimated from the data for the 
current-voltage characteristics of the device. The emission intensity seems to linearly increase with the increased 
input power. This suggests that the spectral narrowing is a consequence of the spectral filtering. The diffraction 
grating functions as the spectral filter as in the case of the previous study [4]. In Fig. 4(b) the least-squares line of 
the data intersected with the abscissa at ~1 mW. It is unclear at the moment, however, whether the intersecting 
electric power is associated with the presence of the emission threshold. Further investigation will be necessary for 
appropriately addressing this question.  
4. Conclusion  
In the present studies, we have been successful in producing the current-injected SNEs from the OLEFET 
equipped with a diffraction grating fabricated on the photoresist film. The photoresist film and the silicon oxide 
layer formed a combined gate insulator. The diffraction grating is shaped within the channel region. The device 
consisted of the layered semiconductors composed of the AC'7 crystal and the AC5-CF3 thin film with the 
homogeneous MgAg source and drain electrodes. In the device, the AC5-CF3 thin film was deposited to cover the 
grating. When the device was operated by applying square-wave alternating gate voltages, the spectral narrowing 
was definitively observed as the dominant line around 578 nm with the FWHM less than 4 nm.  
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Table 1. Excitation conditions and SNE properties for the OLEFET. VD (VS) and VG indicate the drain (source) voltage and the gate voltage 
amplitude, respectively. The peak position and full-width at half maximum (FWHM) were determined by peak profile fittings using the pseudo-
Voigt functions. The peak intensity was drawn from the raw data. 
Spectrum 
No. 
VD (= −VS) 
(V) 
VG 
(V) 
Frequency 
(kHz) 
Waveform Position 
(nm) 
Intensity 
(counts) 
FWHM 
(nm) 
1 100 110 100 square 577.7 152.05 3.42 
2 90 100 100 square 577.5 129.87 3.63 
3 90 100 50 square 577.5 82.07 3.33 
4 80 90 50 square 577.6 44.46 3.61 
5 80 90 50 sine − 3.91 − 
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